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Lateral root (LR) formation and emer-
gence are influenced by the environ-
ment and determines the architecture
of the root system in the soil. Whereas
auxins appear as the main hormone con-
trolling LR initiation, patterning and
emergence, abscisic acid (ABA) is the key
hormone mediating the effect of the envi-

ronment on root architecture..Hormone -

signaling act through transcription fac-
tors (TFs) and the Medicago truncatula
LOB-like TF LBD1 was shown to be
auxin-inducible but repressed by the
HD-Zip 1 TF MtHBL1 in response to
salt stress and ABA during LR forma-
tion. Here, we demonstrate that the
constitutive expression of Mt LBDI in
Medicago roots alters their global archi-
tecture when the plant is subjected to
salt stress. Hence, LBD1 may control the
final form of the root system in the soil
environment.

To optimize their growth, plants adapt
their root architecture to the environmen-
tal constraints for maximizing the avail-
ability of nutrients and water. In legumes,
such as Medicago truncatula, the symbiotic
interaction of specific Rhizobiaceae bacte-
ria with the root may lead to the formation
of new organs, the nitrogen-fixing root
nodules. As legumes are major worldwide
crops, it is crucial to understand how the
environment influences their root growth
and architecture through hormone action
and signaling. Auxin controls LRs forma-
tion, regulating their initiation, primor-
dium patterning and emergence."* The
local accumulation of auxin in individual
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xylem pericycle cells serves as an instruc-
tive signal to select specific cells to initi-
ate LRs.” Then, further divisions form
the LR primordia and lead to the emer-
gence of the LR from the primary root
through breakage of the epidermal cells.!?
Members of the plantspecific LAT-
ERAL ORGAN-BOUNDARIES (LOB)
Domain-gene family are characterized by
a LOB domain and a predicted coiled coil
structure that is reminiscent of a leucine
zipper.® Several LBD (LOB BINDING
DOMAIN) genes are linked to different
aspects of root formation.” In monocots,
the CRLI/ARLI and RTCS genes in rice
and maize exert orthologous functions
during shoot-borne root formation.®!
In dicots, the Arabidopsis genes LBDI6
and LBD29 are involved in LR forma-
tion as their overexpression enhances this
process whereas dominant repression of
LBDIG6 inhibits LR initiation."! LBDIG6
and LBD29 are directly activated by the
AUXIN RESPONSE FACTORS ARF7
and ARF19 and are early auxin responsive
genes."! Similarly, ARF1 is able to recog-
nize the promoter region of the rice auxin-
inducible gene CRLI/ARLI, suggesting a
conserved regulatory mechanism.”

The response to environmental
stresses, such as salt and drought stress,
is mainly mediated by the hormone
abscisic acid (ABA). In Arabidopsis thali-
ana, ABA regulates LR initiation and
emergence through the ABI3 TF'*!* and
also represses auxin response in LR pri-
mordia. The control exerted by ABA on
root branching can be relevant under
stress conditions to optimize the root
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Figure 1. M. truncatula LBD1 affects root architecture. (A) Representative examples of composite plants with roots transformed with the constructs
35S:GUS (control) or 355:LBD1, grown 14 days on sand/perlite in the greenhouse and watered with poor “i” medium containing 50 mM NaCl."” (B) Pri-
mary root length of 355:GUS and 35S:LBD1 plants in control conditions and in response to 50 mM NaCl. (C) Root dry weight per centimeter of primary
root under control and salt stress (50 mM NaCl) conditions. In (B and C), the letters indicate mean values significantly different among groups (Kruskal-

Wallis test p < 0.05, n > 20 in every case).

surface exposed to the soil environment
and consequently, root growth.* In
Medicago truncarula, the HD-Zip 1 TF
HB1 mediates the repressive effect of
salt stress and ABA on LR formation.”
Overexpression of HBI in M. truncatula
roots and the analysis of 461 TILLING
mutants revealed that this gene regulates
the emergence of LRs from the primary
root. MtHBI directly recognizes the cis-
element CAATAATTG present in the
LOB-like gene LBDI promoter. This
LOB-like gene is induced by auxins dur-
ing LR formation and repressed by salt
stress and ABA, through MtHB1.%

Overexpression of LBD1 Affects
Medicago truncatula Root
Architecture

LBDI is transcriptionally induced by a
3 h treatment with 0.1 pM TAA in M.
Such
reversed to a repression when IAA was
applied together with 100 mM NaCl or
100 wM ABA. Hence, we analysed the

truncatula roots. induction was

consequences of de-regulating Mt LBDI
on the root system under control and
stress conditions. To this end, we ampli-
fied the LBDI gene from the BAC clone
AC146551 and inserted it in the binary
plasmid pMF2, following the constitutive
promoter CaMV 35S8."° Medicago trans-
genic roots were obtained as previously
described in reference 17, using the empty
vector as a control. Composite plants were
transferred to a perlite:sand mixture and
grown in the greenhouse, irrigated with “i”
medium with or without 50 mM NaCL"
After 14 days, plants were taken out of the
soil, and the root system was analyzed by
measuring the main root length and the
root dry weight per cm. No significant dif-
ferences in root growth or phenotype were
scored for Mt LBDI overexpressing roots
in control conditions. However, under
salt stress, the 355:LBDI roots were sig-
nificantly shorter and exhibited a higher
mass per cm of main root (Fig. 1). Hence,
these roots showed a significant change in
their architecture in response to salt stress.
The reduction in primary root growth was
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compensated by an increase in root mass
likely through LR formation.

As 50 mM NaCl has a major effect on
Medicago LR emergence, without signifi-
cantly altering LR initiation, we think that
LBDI overexpression promoted LR emer-
gence. Indeed, we have recently shown
that the McHB1 TF directly represses
LBDI during LR formation, and that this
TF affects only LR emergence.” Hence,
repression of LBDI leads to enhanced
primary root growth and reduction of LR
formation. These previous results together
with the consequences of LBDI de-regula-
tion demonstrates that LBD1 plays a key
role in the determination of LR formation
and root architecture in legumes. Future
studies on LBDI target genes may reveal
how this TF determines the final form of
the root system in Medicago truncatula. It
will also be of interest to analyze the even-
tual conservation of this regulatory mech-
anism, involving the ABA-regulated Mt
HBI1 and the auxin-inducible Mt LBDI1
transcription factors in Arabidopsis, other
dicots or even in monocots.

Volume 5 Issue 12



Acknowledgements

We thank the ECOS-Sud Project
A07B03, the Saint-Exupéry program
(French Embassy/Argentine Education
Ministry) and the “Nuevo Banco Sta. Fe”
Foundation for providing a short-term fel-
lowship to FDA. The work in Argentina
was supported by ANPCyT (PICT 2005
38103 and PICT 2007 37000/022).
R.L.C. is a member of CONICET and
FDA is a fellow of the same institution.
The support of the “Grain Legumes” FP6
EEC project (FOOD-CT-2004-506223)

is also acknowledged.

References

1. Peret B, De Rybel B, Casimiro I, Benkova E, Swarup
R, Laplaze L, et al. Arabidopsis lateral root develop-
ment: An emerging story. Trends Plant Sci 2009;
14:399-408.

2. Moreno-Risueno MA, Van Norman JM, Moreno
A, Zhang J, Ahnert SE, Benfey PN. Oscillating
gene expression determines competence for peri-
odic Arabidopsis root branching. Science 2010;
329:1306-11.

3. Peret B, Larrieu A, Bennett MJ. Lateral root emer-
gence: A difficult birt_h,] Exp Bot 2009; 60:3637-43.

www.landesbioscience.com

10.

11.

De Smet I, Zhang H, Inze D, Beeckman T. A novel
role for abscisic acid emerges from underground.
Trends Plant Sci 2006; 11:434-9.

Dubrovsky JG, Soukup A, Napsucialy-Mendivil S,
Jeknic Z, Ivanchenko MG. The lateral root initiation
index: An integrative measure of primordium forma-
tion. Ann Bot 2009; 103:807-17.

Shuai B, Reynaga-Pena CG, Springer PS. The lateral
organ boundaries gene defines a novel, plant-specific
gene family. Plant Physiol 2002; 129:747-61.
Hochholdinger F, Zimmermann R. Conserved and
diverse mechanisms in root development. Curr Opin
Plant Biol 2008; 11:70-4.

Inukai Y, Sakamoto T, Ueguchi-Tanaka M, Shibata
Y, Gomi K, Umemura I, et al. Crown rootless1, which
is essential for crown root formation in rice, is a target
of an auxin response factor in auxin signaling. Plant
Cell 2005; 17:1387-96.

Liu H, Wang S, Yu X, Yu J, He X, Zhang S, et al.
ARLI, alob-domain protein required for adventitious
root formation in rice. Plant J 2005; 43:47-56.
Taramino G, Sauer M, Stauffer JL, Multani D, Niu
X, Sakai H, et al. The maize (Zea mays ) RTCS gene
encodes a lob domain protein that is a key regulator of
embryonic seminal and post-embryonic shoot-borne
root initiation. Plant J 2007; 50:649-59.

Okushima Y, Overvoorde PJ, Arima K, Alonso JM,
Chan A, Chang C, et al. Functional genomic analysis
of the auxin response factor gene family members in
Arabidopsis thaliana: Unique and overlapping func-
tions of arf7 and arf19. Plant Cell 2005; 17:444-63.

Plant Signaling & Behavior

. Brady SM, Sarkar SF, Bonetta D, McCourt P. The

abscisic acid insensitive 3 (abi3) gene is modulated by
farnesylation and is involved in auxin signaling and
lateral root development in Arabidopsis. Plant ] 2003;
34:67-75.

. De Smet I, Signora L, Beeckman T, Inze D, Foyer

CH, Zhang H. An abscisic acid-sensitive checkpoint
in lateral root development of Arabidopsis. Plant J
2003; 33:543-55.

. Xiong L, Wang RG, Mao G, Koczan JM.

Identification of drought tolerance determinants by
genetic analysis of root response to drought stress and
abscisic acid. Plant Physiol 2006; 142:1065-74.

. Ariel F, Diet A, Verdenaud M, Gruber V, Frugier F,

Chan R, et al. Environmental regulation of lateral
root emergence in Medicago truncatula requires the
HD-Zip I transcription factor HB1. Plant Cell 2010;
22:2171-83.

. Merchan F, de Lorenzo L, Rizzo SG, Niebel A,

Manyani H, Frugier F, et al. Identification of regula-
tory pathways involved in the reacquisition of root
growth after salt stress in Medicago truncatula. Plant
J 2007; 51:1-17.

. Boisson-Dernier A, Chabaud M, Garcia F, Becard G,

Rosenberg C, Barker DG. Agrobacterium rhizogenes-
transformed roots of Medicago truncatula for the
study of nitrogen-fixing and endomycorrhizal sym-
biotic associations. Mol Plant Microbe Interact 2001;

14:695-700.



